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Gain-controlled solid-state image pickup device.

@ Photo-electric  Conversion  Apparatus A
photo-electric conversion apparatus having a
plurality of photo-electric conversion elements -
is provided with an amplifier which can exter-
nally control a gain thereof, at an output termi-
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a photo-electric
conversion apparatus e.g. used in an AE (Auto-
Exposure) sensor or AF (Auto-Focus) sensor of a
copying machine, a facsimile machine, a video cam-
era recorder and a camera.

Related Background Art

As an electronics technology has highly devel-
oped recently, high image fineness and high image
quality have rapidly been realized in a field of a solid
state image pick-up device used as a photo-electric
conversion apparatus. An output of the solid state im-
age pick-up device is rarely used as it is but it is proc-
essed in several stages before it is formed intoa TV
signal.

Accordingly, when the number of pixels is in-
creased to attain high fineness, a huge volume of op-
eration and processing are required in the signal proc-
essing and the high image quality may be restricted
by the signal processing.

SUMMARY OF THE INVENTION

In one aspect the present invention provides a
solid state image pick-up device which produces sig-
nals multiplied by coefficients in order to built a signal
processing function in the solid state image pick-up
device.

An embodiment of the present invention provides
a photo-electric conversion apparatus comprising a
plurality of photo-electric conversion elements by
providing an externally gain controllable amplifier at
an output terminal of each photo-electric conversion
element, so that signal processing for multiplying a
desired coefficient to each signal is well attained.

Other aspects and advantages of the present in-
vention will be apparent from the claims, and from the
following description of non-limiting embodiments
and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a circuit configuration of a photo-
electric conversion apparatus in accordance with
an embodiment 1 of the present invention,

Fig. 2 shows a timing chart for illustrating an op-
eration of the embodiment 1 of the photo-electric
conversion apparatus,

Fig. 3 shows a circuit diagram of an amplifier
used in the present invention,

Fig. 4 shows a graph of a characteristic of the am-
plifier,

Fig. 5 shows a circuit configuration of a photo-

10

15

20

25

30

35

40

45

50

55

electric conversion apparatus in accordance with
an embodiment 2 of the present invention,

Fig. 6 shows a circuit configuration of a photo-
electric conversion apparatus in accordance with
an embodiment 3 of the present invention,

Fig. 7 shows a circuit configuration of a photo-
electric conversion apparatus in accordance with
an embodiment 4 of the present invention, and
Fig. 8 shows a circuit configuration of a photo-
electric conversion apparatus in accordance with
an embodiment 5 of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Fig. 1 shows a first embodiment of the present in-
vention. In the present embodiment, bipolar photo-
electric conversion elements are one-dimensionally
arranged as photo-electric conversion elements, and
base regions thereof are interconnected through
PMOS transistors M4 - My,.

Amplifiers A1 - A4 are independently connected
to respective emitter output lines of the photo-electric
elements.

An operation of the present embodiment is ex-
plained by referring to a timing chart of Fig. 2.

At a time t,, a pulse of a low level is applied to ¢5
so that the PMOS transistors M{; - M4 are turned on
and the bases of the bipolar transistors B, - B, are
connected in common and reset to Vgg. Thereafter, ¢g
rises to a middle level so that the PMOS transistors
M4 - My, are turned off and the reset operation is ter-
minated.

Atatimet,, a pulse ¢ycq rises and the NMOS tran-
sistors M, - My, are turned on so that emitter termi-
nals of all bipolar transistors B, - B, are reset to a vol-
tage Vyc, and at a time t3, a pulse ¢ rises to a high
level so that the base potentials of the bipolar transis-
tors B, - B, are brought up through capacitors C, - C,4
and the base-emitter junctions is forwardly biased.
Thus, the bipolar transistors simultaneously operate
in an emitter follower mode and hole on the bases are
recombined and the base potentials are settled
around V¢ + Vge (Transient reset operation). When
the transient reset operation is terminated, at a time
t4, the pulse ¢y falls to the middle level so that the
base potentials of the respective bipolar transistors
fall through the capacitors C; - C, and the base-
emitter junction is reversely biased. From this state,
an accumulation operation of the photo-carriers
starts.

After a predetermined accumulation time has
elapsed, at the time t5, the pulses ¢ and ¢ rise to the
high level so that the NMOS transistors M3, - M3, are
turned on and the base potentials of the bipolar tran-
sistors B, - B4 are brought up to forwardly bias the
base-emitter junction. Thus, the photo-carriers accu-
mulated on the bases are outputted from the emitter
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terminals. By applying predetermined voltages from a
power supply 2 to the control terminals of the ampli-
fiers A - A4, the respective amplifiers may have de-
sired gains.

The outputs of the amplifiers A, - A, are read to
Ct1 - Crs, respectively, and at a time tg, the pulse ¢
falls to the low level so that the NMOS transistors M,
- M3, are turned off and the voltages on the respective
capacitors Crq - Cy4 are maintained. At the time tg, the
pulses ¢7 and ¢ rise to the high level simultaneously.
However, it is preferable that the pulse ¢y raises to the
high level earlier than the pulse ¢g.

Thereafter, at a time t;, a high level pulse is ap-
plied to ¢res SO that the NMOS transistor Mgg is
turned on, and after the outputline 4 isreset, the scan
circuit 1 is operated to transfer the signals to the out-
put terminal Vgt through the output buffer 3 starting
from the signal on Cyy.

A preferred embodiment of the amplifiers A1- A4
and a DC characteristic thereof are shown in Figs. 3
and 4.

Fig. 3 shows an inverting amplifier using an NPN
transistor and a gain thereof is controlled by a gate
voltage of an NMOS transistor connected to an emit-
ter terminal.

Calculation of a DC characteristic of the inverting
amplifier is shown in Fig. 4.

In Fig. 4, an abscissa represents an input voltage
Vv and an ordinate represents an output voltage
Vour, and a graph is shown with the gain control vol-
tage V¢ being used as a parameter. As seen from Fig.
4, the larger the V¢ is, the larger is the gain. Thus, it
is suitable for the present invention because of its
smaller circuit scale. Needless to say, other type of
amplifier may be used.

Fig. 5 shows a second embodiment of the present
invention. The present embodiment is an improve-
ment over the first embodiment in that the power sup-
ply 2 is omitted and the gain control voltages of the
amplifiers A1 - A4 are serially applied from a terminal
V-GAIN.

In an operation, the scan circuit 1 is operated dur-
ing the accumulation period and the pulse ¢wr rises
to the high level, the NMOS transistor M51 is turned
on so that the gain control voltage of the amplifier A1
is written from the terminal V-GAIN. Thereafter, the
pulse L1 is rendered to the low level and M51 is
turned off to hold the written voltage. This operation
is sequentially carried out for the amplifiers A1 - A4,
and thereafter the pulse ¢r rendered to the high level
so that the respective photo-electric conversion ele-
ments carry out the read operation and the voltages
multiplied by the factors of the respective gains are
read at Crq - Cyy.

Other operations may be carried out in the same
manner as those of Fig. 1.

Accordingly, the space is significantly saved
compared to case where the power supply is provided
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for each amplifier.

In the above explanation of the operation, the
control voltages of the amplifiers A1 - A4 are written
during the accumulation period although they may be
written in other period, for example during the se-
quential transfer of the charges of Cyq - C4. In this
case, the gain control voltages written in the amplifi-
ers A1 - A4 are used in the next photo-electric con-
version operation.

Fig. 6 shows a third embodiment of the present
invention. In the present embodiment, the second
embodiment is developed to a two-dimensional pho-
to-electric conversion apparatus. A vertical scan cir-
cuit 5 is provided to conduct serial resetting and sig-
nal reading of the photo-electric conversion elements
row by row. The basic operation is identical to that of
the second embodiment.

Fig. 7 shows a fourth embodiment of the present
invention. In the first to third embodiments, the photo-
electric conversion apparatus use the amplifier ele-
ments by the bipolar transistors having the base-
collector junctions used as the photo-diodes. In the
present embodiment, MOS’s are used. The like ele-
ments to those of the previous embodiments are des-
ignated by the like numerals and the explanation
thereof is omitted. In a sense amplifier 11, a photo-
diode is connected to a gate of an MOS, and in a va-
riable gain amplifier 10, a resistor of an MOS ampli-
fier is a variable resistor which comprises a double
structure of MOS gate switch a lower gate 12 being
floating and one of upper gates 13 being connected
to a power supply, and a voltage pulse is applied to
the other upper gate 14.

The potential of the floating gate changes with an
amplitude of the voltage pulse so that the MOS’s of
the amplifier 10 function as variable resistors. In the
present embodiment, the photo signal generated by
the photo-diode is converted by the factor of gain of
the amplifier determined by the variable resistor, and
the modulated signal is sequentially read by a shift
register via a read capacitor.

While Fig. 7 shows the one-dimensional sensor,
it should be understood that the present invention is
not limited to the one-dimensional sensor but it may
be applied to a two-dimensional sensor.

A fifth embodiment of the present invention is
shown in Fig. 8. §; (ij = 1 - 4) comprises a base iso-
lation PMOS 12, a base potential control capacitor 13
and a bipolar transistor 15.

Cells S44 and S, output to a vertical line 16, and
cells 8¢, and Sy, output to a vertical line 17. Line se-
lection is conducted by pulses ¢pr1 and ¢pro.

First, a high pulse is applied to ¢pr¢ SO that the
cells S41 and S, are selected, and the respective out-
puts are simultaneously read to the gates of the am-
plifiers a; (i,j = 1,2).

The gains of the amplifiers are adjusted by the
vertically arranged power supplies through wires 18,
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19, 20 and 21, and the pulse ¢pt4 is rendered to the
high level to read the photo output of the S, multiplied
by the gain of the amplifier a,, to the capacitor 22, the
photo output of the S, multiplied by the gain of the
amplifier a5 to the capacitor 23, the photo output of
the S,y multiplied by the gain of the amplifier a,, to the
capacitor 24, and the photo output of the S,; multi-
plied by the gain of the amplifier ay, to the capacitor
25.

The pulse $pr, is then rendered to the down level
and the pulse ¢pr» is rendered to the high level so that
the cells S,y and S,, are selected and they are read
to the gates of the amplifiers a; (ij = 1 - 2').

The pulse ¢p1, is rendered to the high level to read
the photo output of the cell S, multiplied by the gain
of the amplifier a4 to the capacitor 26, the photo out-
put of the cell S, multiplied by the gain of the ampli-
fier a4, to the capacitor 27, the photo output of the cell
S, multiplied by the gain of the amplifier a,, to the ca-
pacitor 28, and the photo output of the cell S,, multi-
plied by the gain of the amplifier ay, to the capacitor
29.

The signals read to the capacitors 22, 23, 26 and
27 are summed through the capacitors 30, 31, 32 and
33 and outputted from the amplifier 38, and the sig-
nals read to the capacitors 24, 25, 28 and 29 are sum-
med through the capacitors 34, 35, 36 and 37 and out-
putted from the amplifier 39.

The outputs of the amplifiers 38 and 39 are dif-
ferentiated by a differential amplifier 40. Accordingly,
the gains may include positive gains and negative
gains so that Fourier transform output of the image
can be read at a high speed.

Using the above, and other analogous embodi-
ments, the following technological advantages (1)-(4)
can be attained since the sensor can output there-
from a signal on which various image processings, for
example, convolution, edge output, Laplace trans-
form, Fourier transform and wavelet transform, have
been performed.

(1) Aphoto-electric conversion apparatus can be

form on one chip, so that the cost of production

can be reduced.

(2) High-speed processing can be attained since

processing can be done in a parallel operation on

image data itself rather than on the serial output
of the sensor.

(3) A plurality of processings can be attained by

one chip.

(4) Image recognization and image discrimina-

tion can be attained functionally.

Other types of photosensor element may be
used, such as non-bipolar phototransistors, and the
bipolar type phototransistor may be used without the
base control capacitors C1, C2, C3, C4 (in which case
accumulation and read-out from the phototransistor
may be simultaneous).
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Claims

1. A photo-electric conversion apparatus compris-
ing:

a) a plurality of photo-electric conversion ele-
ments;
b) a plurality of read channels for separately
reading outputs of said photo-electric conver-
sion elements;
¢) a plurality of gain controllable amplifiers
provided one for each channel, and
d) control means for controlling gains of said
amplifiers.

2. Aphoto-electric conversion apparatus according
to Claim 1 further comprising storage means for
storing output signals of the photo-electric con-
version elements through the amplifiers.

3. Aphoto-electric conversion apparatus according
to Claim 2 wherein said storage means includes
capacitors.

4. A photo-electric conversion apparatus according
to Claim 2 further comprising read means for ser-
ially reading the signals of said storage means.

5. A photo-electric conversion apparatus according
to Claim 4 wherein said read means is controlled
by said control means.

6. A photo-electric conversion apparatus according
to Claim 1, wherein each of said gain controllable
amplifiers includes a transistor having a plurality
of floating gate electrodes.

7. A photo-electric conversion apparatus according
to Claim 1, further comprising operating means
for operating a plurality of output signals gain-
controlled by said gain controllable amplifier.

8. Photoelectric conversion apparatus comprising
an array of photoelectric conversion sensors (B,
11, s) and amplifying means (A, 10) for amplify-
ing the signals read from the photoelectric con-
version sensors,
characterised by gain control means (2,
M51-M54) for adjusting the gain applied to a sig-
nal by the amplifying means in dependence upon
which of the photoelectric conversion sensors it
was read from.

9. Apparatus according to claim 8 in which the am-
plifying means comprises an array of amplifiers
(A, 10) each for amplifying the signal read from
a respective said photoelectric conversion sen-
sor, and a plurality of photoelectric conversion
sensors share a common said amplifier.
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10. Apparatus according to claim 8 or claim 9 com-
prising signal storage means (G) for storing the
photoelectric conversion signals.
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